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1 Progress Summary

The goal of this one-year project was to use data from the Polar satellite in conjunc-
tion with global simulations of Earth’s magnetosphere to investigate phenomena in the
high-latitude magnetosphere. Specifically, we addressed reconnection at the cusp during
periods of northward interplanetary magnetic field (IMF), and the effects of substorms on
the high-latitude magnetosphere.

1.1 Cusp reconnection

On April 11, 1997 Polar made an excursion through the northern cusp and briefly en-
countered the magnetopause proper tailward of the cusp. The IMF, monitored by the
Wind satellite, was during this period (about 4 hours) steady and strongly northward.
However, the solar wind dynamic pressure was steadily increasing. The resulting com-
pression of the magnetosphere caused Polar’s encounter with the magnetopause. At its
magnetopause encounter Polar observed several signatures of reconnection tailward of
its position; in particular, the flow was stagnant. Although our interpretation of the data
was that Polar had encountered the magnetopause proper on the sunward site of a recon-
nection region, there had also been other interpretations of this and similar events. We
performed a simulation with the UCLA global magnetosphere - ionosphere code using
the Wind solar wind and IMF data as input to the model. The model output was directly
compared with the in situ Polar data. Overall, there was an excellent agreement between
the data and the simulation results. The simulation clearly showed reconnection occurring



tailward of Polar’s position. According to the simulation Polar never entered the magne-
tosheath proper. but remained in the magnetopause reconnection layer. The stagnant flow
was caused by a balance between the tailward momentum flux of the magnetosheath flow
and the sunward jx B force exerted by reconnection [Le e al., 2001].

1.2 High-latitude substorm effects

In a separate effort in collaboration with Prof. Hedi Kawano (Kyushu University, Japan)
we investigate the effects of substorms on the high-latitude magnetosphere, in particular
the region tailward of the cusps at high altitude, 1.e., roughly between 5 and 9 Rg from
Earth. With Prof. Hedi Kawano we conducted a statistical study of substorm signatures
in the polar magnetosphere. We have found that the magnetic field becomes significantly
deflected during the growth phase. This deflection persists about 10-20 min into the ex-
pansion phase until it begins to subside. As in the previous study, we ran global simula-
tions with measured solar wind parameters for selected events and compared the results
with Polar observations. Since there was a significant delay between the substorm onsets
and the subsistence of the magnetic field deflections at high altitudes we speculated that
the ionospheric conductance might play a role here by pinning down the field lines at
ionospheric altitude. We tested this hypothesis by varying the ionospheric conductance in
the simulations. We found that there is indeed a noticeable effect in that the line tying of
the ionosphere alters the substorm timing at high latitudes significantly [Kawano et al.,
2000].
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4 Inventions and Patents

None.



